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ABSTRACT 
Synthetic Aperture Radar (SAR) is well-known as a multi­
purpose sensor that can be operated in all-weather and day­
night time. The past SAR sensors for Earth observation 
mission are commonly operated in linear polarization that 
sensitive to Faraday rotation effect, especially in low 
frequency. This paper introduce our Circularly Polarized 
Synthetic Aperture Radar onboard Unmanned Aerial 
Vehicle (CP-SAR UAV) that is developed to retrieve the 
physical information of Earth surface for Earth diagnosis 
mission. The CP-SAR system is considered as small, light in 
weight and low power consumption system. The CP-SAR 
sensor is employing elliptical wave propagation and 
scattering phenomenon by radiating and receiving the 
elliptically polarized wave, including the special 
polarization as circular and linear polarizations. This paper 
introduces the CP-SAR and UAV system, including 
simulated full polarimetric CP-SAR images. 
Index Terms- CP-SAR, Synthetic Aperture Radar, 
Unmanned Aerial Vehicle (UAV) 
1. INTRODUCTION 
Synthetic Aperture Radar (SAR) is well-known as a 
multi-purpose sensor that can be operated in all-weather and 
day-night time. Past missions of SAR sensors are operated 
in linear polarization (HH, VV, HV and VH) with high 
power, sensitive to Faraday rotation effect in low frequency, 
i.e. L band. In this research, we propose Circularly 
Polarized Synthetic Aperture Radar onboard microsatellite 
(CP-SAR µSAT) to retrieve the physical information and 
land deformation on Earth surface for Earth diagnosis 
mission [ 1]. Fig. 1 shows the illustration of CP-SAR µSAT 
that is being developed in Josaphat Microwave Remote 
Sensing Laboratory, Center for Environmental Remote 
Sensing, Chiba University, Japan. Table I shows the 
specification. 
In this research, the CP-SAR sensor is employing the 
elliptical wave propagation and scattering phenomenon by 
radiating and receiving the elliptically polarized wave, 
Fig. I. Illustration of Circularly Polarized Synthetic Aperture 
Radar onboard microsatellite (CP-SAR µSAT) 
TABLE I. SPECIFICATION OF CP-SAR ONBOARD 
MICROSATELLITE 
Altitude 
Inclination angle 
Frequency I 
wavelength 
Polarization 
Gain / Axial ratio 
Off-nadir angle 
Swath width 
Spatial resolution 
Peak power 
Bandwidth 
Platform size 
Weight 
Antenna size 
500 ~ 700 km 
97 .6 degrees 
1.27 GHz (L Band) / 24 cm 
TX : RHCP+LHCP 
RX: RHCP+LHCP 
> 30 dBic / < 3 dB (main beam) 
29 degrees ( center) 
50km 
30m 
90 ~ 300 W (PRF 2000~2500 Hz, 
Duty 6% : average 5.6 W) 
Chirp pulse : 1 0  MHz 
l mxl mxl m 
200kg 
Elevation 1.0 m x Azimuth 4.0 m x 
2 panels for RHCP and LHCP 
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including the specific polarization as circular and linear 
polarizations. CP-SAR is as active sensor that could 
transmit and receive the L band chirp pulses with PRF 2,000 
to 2,500 Hz. The sensor is designed as a low cost, light, low 
power or safe energy, low profile configuration to transmit 
and receive left-handed circular polarization (LHCP) and 
right-handed circular polarization (RHCP). Then these 
circularly polarized waves are employed to generate the 
axial ratio image (ARI), ellipticity, tilt angle etc. This sensor 
is considered not depending to the platform posture, and it is 
available to reduce the effect of Faraday rotation during 
propagating in Ionosphere. Therefore, the high precision 
and low noise image is expected to be obtained by the CP­
SAR. For this purpose, we are also developing the CP-SAR 
onboard unmanned aerial vehicle (CP-SAR UAV) for 
ground testing of this sensor. 
2. CP-SAR MISSION 
The main mission of our CP-SAR (see Fig. 2) is to hold 
the basic research on elliptically polarized scattering and its 
application developments. In the basic research, we will 
investigate the elliptical (including circular and linear 
polarizations) scattering wave from the Earth surface, 
circularly polarized interferometric technique (CP-InSAR), 
generation of axial ratio image (ARI), ellipticity and tilted 
angle images etc. We hold the analysis and experiment of 
circularly polarized wave scattering on vegetation, snow, ice, 
soil, rock, sand, grass etc to investigate the elliptical 
scattering wave. In experiment of CP-InSAR, we will hold 
some experiments to compare the InSAR technique by using 
circular and linear polarizations. This technique will be 
implemented to extract the tree trunk height, DEM etc by 
using the elliptical polarization. The axial ratio image (ARI), 
ellipticity, tilted angle, polarization and other images will be 
extracted by using the received RHCP and LHCP wave. The 
principle of CP-SAR UAV is shown in see Fig.3. This 
figure shows CP-SAR sensor transmits only one 
polarization, RHCP or LCHP, then we receive RHCP and 
LHCP scattering waves simultaneously. Then this image is 
employed to investigate the relationship between the ARI 
and physical characteristics of vegetation, soils, snow etc. 
The image of tilted angle as the response of Earth surface 
also will be extracted to mapping the physical information 
of the surface, i.e. geological matters, contour, tree trunk 
structure and its characteristics, snow-ice classification, 
vegetation characteristics etc. 
In application development, CP-SAR sensor will be 
implemented for land cover mapping, disaster monitoring, 
Cryosphere monitoring, oceanographic monitoring etc. 
Especially, land cover mapping will classify the forest and 
non-forest area, estimation of tree trunk height, mangrove 
area monitoring, Arctic and Antarctic environment 
monitoring etc. In disaster monitoring, CP-SAR sensor will 
Fig.2. Josaphat Laboratory Experimental CP-SAR onboard 
Unmanned Aerial Vehicle (CP-SAR UAV: JX-1) 
Fig. 3. Principle of CP-SAR sensor onboard UAV 
Fig. 4. CP-SAR UA V Sub-system 
be employed for experiment of CP Differential InSAR in 
earthquake area, volcano activity etc. 
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TABLE II. CP-SAR UA V SPECIFICATION 
Parameter 
Altitude 
Frequency range 
Baseband range 
Pulse transmission 
output power 
Polarization 
Transmission system 
gain 
Receiver system gain 
Gain flatness 
Receiver noise ratio 
Modulator 
Output higher harmonic 
wave 
Output spurious 
Transmission system 
gain tuning function 
Receiver system gain 
tuning function 
Impedance 
Transmission system 
outputVSWR 
Receiver system input 
VSWR 
Transmission system 
antenna switching 
speed 
Receiver system antenna 
switching speed 
Transmission system 
On/Off speed 
Receiver system On/Off 
speed 
Power voltage 
Current consumption 
Temperature 
Saving temperature 
RF connector 
Power connector 
Control connector 
Weight 
Size 
Pulse Length 
Off Nadir 
Resolution 
Swath Width 
Antenna Size 
Axial Ratio 
Antenna Gain 
Value 
1 to 4 km 
1270 MHz ± 150 MHz 
DC to 150 MHz 
50 W, Pulse width 10 µs (max), 
Duty circle 2% (max) 
TX & RX: RHCP+LHCP 
+ 47 dB (min) 
+ 60 dB (min) 
± 1.5 dB (max) 
3.5 dB (max) @+25°C 
(RX and TX) QPSK 
-30 dBc (max) 
-60 dBc ( max) 
1/2/3/8/16 dB (0 to -31 dB) 
1/2/3/8/16 dB x 2 (0 to -62 dB) 
50 n 
1.5 : 1 (typ.) 
1.5 : 1 (typ) 
1 µs (typ.) / 2 µs (max) 
1 µs (typ.) / 2 µs (max) 
100 ns (max) 
100 ns (max) 
DC +28 V (DC +25 to + 35 V 
switchable) 
5A (max) 
+0°C to 45°C 
-20°C to 80°C 
SMA-Female 
N/MS3102Al OSL-3P 
D-Sub-37P 
10 kg (max) 
W250mm x H l00mm x D300mm 
4.33 up to 47.63 µs 
30° up to 60° 
Up to 1 m 
1 km 
0.75 x 0.2 m (4 panels) 
�3 dB 
14.32 dBic 
Fig. 5. Block diagram of CP-SAR system 
Fig.6. Microstrip antenna for Tx and Rx of CP-SAR [2] 
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Fig. 7. Images of linear and circular polarization 
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3. CP-SAR SYSTEM 
Fig. 4 shows sub-systems installed in CP-SAR UA V. The 
system is mainly composed by Flight Control System, 
Onboard Computer, Telemetry and Command Data 
Handling, Attitude Controller, and Sensors. Flight Control 
System is composed by manual and automatic flight module. 
Onboard computer is employed for controlling all sub­
systems in CP-SAR UA V. Telemetry and Command Data 
Handling subsystems use X-band communications between 
UAV and ground station. Attitude Controller is composed 
by Inertial Measurement Unit (IMU) and four GPS units. 
Sensors are composed by CP-SAR as main mission sensor, 
and other sensors, including hyper spectral camera and five 
small cameras. CP-SAR sub-system is composed by Chirp 
pulse generator module, Transmitter and Receiver (Tx-Rx) 
module, and Image Signal Processing module. 
Fig. 5 shows the circuit block of Tx-Rx module of CP­
SAR with specification shown in Table II. Basically, this 
system is composed by transmitter and receiver sub modules. 
The input of transmitter is In-phase (I) and Quadrature (Q) 
signal of chirp pulse generated by pulse generator with 
baseband range is DC to 150 MHz. Then chirp pulse is 
modulated by frequency 1,270 MHz, where our Tx-Rx 
system has frequency range 1270 MHz ± 150 MHz. The 
transmission system has gain tuning function as 1, 2, 3, 8, 
16 dB or 0 to -31 dB, and receiver has gain tuning function 
as 1, 2, 3, 8 and 16 x 2 or O to -62 dB. Power amplifier (PA) 
is available to control pulse transmission output power 50 
W with pulse width maximum 10 µs, and maximum duty 
circle is 2%. The switching speed of transmission and 
receiver system antennas (RHCP and LHCP) is typically 1 
µs and maximum 2 µs. The antenna is composed by two 
sets of CP microstrip array antenna (LHCP and RHCP 
panels) as shown in Fig. 6, totally 4 panels to realize full 
polarimetric CP-SAR sensor. Size of Tx and Rx unit is 
W250 mm x HIO0 mm x D300 mm as one module in our 
CP-SAR system as shown in Fig. 4. 
4. CP-SAR ONBOARD UNMANNED AERIAL 
VEHICLE (CP-SAR UA V) SYSTEM 
In this research, the CP-SAR onboard unmanned aerial 
vehicle (CP-SAR UAV) as shown in Fig. 2 is developed for 
ground testing of CP-SAR before installing this sensor on 
our microsatellite. The platform called Josaphat Laboratory 
Experimental CP-SAR UAV (JX-1) has 25 kg of payload 
availability for various microwave sensors (CP-SAR, GPS­
SAR, and GPS-Radio Occultation) and optic sensors, i.e. 
hyper spectral camera. The operation altitude is 1,000 m to 
4,000 m. As shown in Table II, the specification of CP-SAR 
sensor for UAV is center frequency 1,270 MHz, ground 
resolution up to 1 m, pulse length could be tuned from 4.5 
to 48 µs, pulse bandwidth 150 MHz, off nadir angle 30° to 
60°, swath width 1 km, antenna size for 4 panels of CP-SAR 
1.5 m x 0.4 m, antenna radiation efficiency >80%, PRF 
1,000 Hz, and peak power 8.65 W (1 km) to 95 W ( 4 km). 
We plan to hold ground experiment with altitude less than 2 
km with pulse transmission output power 50 W. The CP­
SAR has receiver antenna composed by LHCP and RHCP 
antenna. The data retrieved by LHCP and RHCP antenna is 
employed to investigate the characteristics of elliptical 
polarization, including circular and linear polarizations. 
We have simulated circularly polarized waves with full 
polarization (LL, LR, RL and RR) as shown in Fig. 7 by 
using ALOS P ALSAR polarimetric mode images. Where L 
and R is left handed circular polarization and right handed 
circular polarization, respectively. LR means LHCP 
transmission and RHCP receiving. This image shows that 
circularly polarized images show more clear than linear 
polarized image, and less foreshortening and shadowing 
effects. It is assumed that the geometrical effect of object 
(volcano) is strongly affecting to linear polarized images, 
but less to circularly polarized waves. In the near future, 
further investigation of characteristics of circular 
polarization will be done by using our CP-SAR UA V and 
microsatellite. CP image will be used to retrieve the 
physical information of Earth surface, i.e. soil moisture, 
biomass, Cryosphere, agriculture, ocean dynamics, land 
deformation, disaster monitoring, DEM etc. In the UAV, we 
also install the linearly polarized SAR (LP-SAR) in same 
frequency. The LP-SAR data will be compared with CP­
SAR data, and employ for some applications. 
5.SUMMARY 
In this paper, we introduce the circularly polarized 
Synthetic aperture radar onboard Unmanned Aerial Vehicle 
(CP-SAR UAV) for ground experiment to investigate 
performance of CP-SAR sensor. The CP-SAR is designed 
as the small, light in weight and low power consumption 
system. The CP-SAR sensor is developed to radiate and 
receive elliptically polarized wave, including circularly and 
linearly polarized waves. In the near future, this sensor will 
be installed in our microsatellite that will be applicable for 
land cover mapping, disaster monitoring, snow cover and 
oceanography monitorig etc. 
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